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0!24 ) ɀ 4ÁÓË σ ɀ 4ÅÎÄÏÎ )ÎÔÅÇÒÉÔÙ -ÁÎÁÇÅÍÅÎÔ 

1. 4,0 4ÅÎÄÏÎ )ÎÔÒÏÄÕÃÔÉÏÎ 

1.1. TLP System Overview 

The Tension Leg Platform (or TLP) has been used for deepwater oil and gas field developments 
for over 40 years. The first TLP was installed by Conoco in 1984 at the Hutton Field in the United 
Kingdom (UK) Sector of the Central North Sea. This TLP was installed in 486 feet water depth. 
Since 1984, there have been an additional 26 TLPs installed worldwide, including 18 installations 
in the United States Gulf of Mexico (GOM), two in the North Sea (in the Norwegian Sector), four 
in West Africa (two each in Angola and Equatorial Guinea), and one each in Indonesia and Brazil. 
The water depths for these TLPs range from 918 feet (Hess-operated Oveng TLP in Equatorial 
Guinea) to 5,200 feet (Chevron-operated Big Foot TLP in the GOM).  
 
Approximately 67% of the TLPs installed to date have been located in the U.S. Gulf of Mexico in 
water depths ranging from 1.450 feet to 5,200 feet. A summary of these TLPs are provided in 
Table 1.1 and graphics showing the different hull types are in Figure 1.2. 
 

Table 1.1 - U.S. Gulf of Mexico TLPs 

Field 
Name 

Operator 
(Original) 

Water Depth 
Feet 

TLP 
Type Hull 

Year 
Installed 

Jolliet Conoco 1,760 Four Column 1989 

Auger Shell 2,860 Four Column 1994 

Mars Shell 2,940 Four Column 1996 

Ram / Powell Shell 3,214 Four Column 1997 

Morpeth British Borneo 1,670 Single Column Mini 1998 

Marlin BP 3,240 Four Column 1999 

Allegheny British Borneo 3,294 Single Column Mini 1999 

Ursa Shell 3,950 Four Column 1999 

Typhoon Chevron 2,097 Single Column Mini 2001 

Brutus Shell 2,985 Four Column 2001 

Prince El Paso 1,450 Four Column Mini 2001 

Matterhorn Total 2,850 Single Column Mini 2003 

Marco Polo Anadarko 4,300 Four Column Mini 2004 

Magnolia Conoco 4,674 Four Column 2004 

Neptune BHP 4,250 Single Column Mini 2007 

Shenzi BHP 4,373 Four Column Mini 2009 

Olympus Shell 3,028 Four Column 2013 

Big Foot Chevron 5,200 Four Column 2018 

 
Compared to other deepwater field development options, such as semisubmersible-based 
Floating Production Units (FPUs), Classic / Truss Spars, or Floating Production Storage and 
Offloading (FPSO) vessels, the TLP is unique in that its design limits both the vertical (heave) and 
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rotational (pitch and roll) motions. This is accomplished by the use of multiple tendons 
(sometimes referred to as tethers) that run vertically from the TLP to the seafloor and are 
maintained under high tension. The tendons essentially hold the TLP in a near static vertical and 
rotational position at the sea surface. With limited vertical and rotational motions, the designs 
and operations of the TLP drilling and riser systems are similar to the conventional systems used 
on fixed drilling and production platforms.  
 
Key components of the TLP are illustrated in Figure 1.1, and include: 
 

¶ Hull - A typical TLP hull will have a square configuration with four vertical columns connected 
by a horizontal ring pontoon. Alternatively, the mini-¢[tΩǎ ƘŀǾŜ ŀ ǎƳŀƭƭŜǊ ǿŀǘŜǊ ǇƭŀƴŜ ŀǊŜŀ 
with either a single central column or four closely spaced small columns, and an extended 
submerged pontoon structure with 3 or four radiating pontoons to provide a substantial base 
line for tendon attachment. In all cases, the function of the hull is to provide buoyancy and 
structural integrity to support the topsides and the production and export risers and tendons. 
It is critical that the TLP hull provide sufficient buoyancy to support the total weight and 
maintain the tendons at the necessary tension level for safe operation. 

¶ Topsides ς Topsides include all of the production, drilling, utility systems and 
accommodations for the drilling and production of oil and gas. Topsides are typical offshore 
oil and gas facility multi-level decks, including both modular and integrated configurations. 
Once integrated, the deck and hull are structurally connected together, and form a fully 
integrated continuous floating structure. 

¶ Production Risers - A key capability of the TLP concept is to provide sufficiently controlled 
motions that rigid top-tensioned production risers that support relatively conventional dry 
surface production trees may be used. These risers are supported by the topsides (or hull) 
structure using a tensioning system (typically configured as multiple hydraulic or pneumatic 
tensioners) that accommodates the relatively small vertical motion between the production 
risers and the TLP when subjected to wind, waves and current. Not all ¢[tΩǎ ƛƴŎƻǊǇƻǊŀǘŜ ǘƻǇ-
tensioned production risers with dry trees; a number of the mini-¢[tΩǎ ǇǊƻǾƛŘŜ ǇǊƻŘǳŎǘƛƻƴ 
from subsea wells and make use of the good motions characteristics to allow the use of a 
small platform with SCR risers in potentially severe sea conditions, which would not be 
possible with a conventional free floating platform. 

¶ Export Risers ς Export risers are used to route the flow of processed oil and gas from the TLP 
to a subsea pipeline system. Export risers are either top-tensioned rigid risers, similar to the 
production risers, flexible risers (using flexible pipe), or the Steel Catenary Risers (SCRs), as 
shown in Figure 1.1. SCRs are steel pipes suspended in a catenary configuration from the TLP 
to the seafloor, allowing the TLP and riser to move independently without the need for a top 
tensioning system. 

¶ Tendons ς Tendons are used to permanently moor the TLP to the seafloor, as well as to limit 
the TLP horizontal excursions (or offset) and heave, roll and pitch motions. The tendons must 
always be in a specific range of tension in order to maintain the stability and / or location of 
the TLP. Typically, there will be eight to twelve tendons for the four column hull configuration 
(two or three tendons per column), and either six or eight tendons for the mini-TLP hull 
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configurations (with two tendons for each of the three or four horizontal legs). Tendons are 
actually a system of integrated components that will be described in detail below. 

¶ Foundations ς 9ŀǊƭȅ ¢[tΩǎΣ ƛƴŎƭǳŘƛƴƎ WƻƭƭƛŜǘ ƛƴ ǘƘŜ DhaΣ ǳǎŜŘ ǎǳōǎŜŀ ¢ŜƳǇƭŀǘŜόǎύΣ ǿƘƛŎƘ ǿŜǊŜ 
piled to the seafloor for securing the lower ends of the tendons. Starting with Mars, all GOM 
¢[tΩǎ ƘŀǾŜ ǳǎŜŘ ŀ Řriven vertical pile for each tendon as the foundation. In other locations, 
particularly where the soils differ from the typical GOM sediments, other types of foundations 
have been used. These include large gravity based caissons and/or suction pile foundations.  

¶ Wellhead ς CƻǊ ¢[tΩǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ǘƻǇ-tensioned risers and surface trees, the wellhead for 
each well is located on the seafloor directly beneath the TLP, and is used to connect the riser 
to the well casing system. 

 

 
Figure 1.1 - TLP Components (Ref. 1) 

 
Further details of the TLP, including its history and the various hull configurations, are 
summarized in Ref. 1.  



Integrity Management Process of Tension Leg Platforms Page 4 

BSEE Project Number: E17PC00018   September 2018 

Energo Engineering ¶ 601 Jefferson Street ¶ Houston, TX 77002 USA ¶ Tel: (713) 753-3990 ¶ Fax: 713-753-4548 
www.energoeng.com 

 

 

 
Figure 1.2 - TLP Hull Types (Ref. 1) 

 

Four Column Hull Types

Single Column Mini Hull Type

Four Column Mini Hull Types
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1.2. Tendon System Overview 

Tendons are key elements of the TLP. Tendons are used to permanently moor the TLP to the 
ǎŜŀŦƭƻƻǊΣ ŀƴŘ ŘŜǎƛƎƴŜŘ ǘƻ ƭƛƳƛǘ ǘƘŜ ¢[tΩǎ ƘƻǊƛȊƻƴǘŀƭ ŜȄŎǳǊǎƛƻƴǎ όƻǊ ƻŦŦǎŜǘǎύ ŀƴŘ ƘŜŀǾŜΣ Ǌƻƭƭ ŀƴŘ 
pitch motions. 
 
The components of a typical TLP Tendon system are illustrated in Figure 1.3. The components 
listed from the hull down to the foundation include: 
1) Hull ς Tendon Porch are structures located near the keel of a TLP for attaching the tendons. 

They are typically stiffened plate structures, sometimes with a forged insert where the 
tendon top assembly seats.  

2) Tendon Top Connector Assembly comprises the Tendon Top Connector, a flex joint, a Length 
Adjustment Joint (LAJ) and a length of pipe to allow the completed tendon to match the 
measured water depth. The flex element allows the tendon to rotate with respect to the TLP 
due to both misalignment of the tendons and the horizontal excursions of the TLP. The 
Tendon Top Connector provides the final mechanical connection of the tendon to the hull. 
Additionally, most tendons have included a means to protect the top connector from 
corrosion and possible damage from offshore operations (cables and fishing lines) in the form 
of a steel cap filled with an inert fluid. More recent installations have only provided a soft 
glove lined with an anti-corrosion gel. 

3) Tendon Tension Monitoring System (TTMS) is used to measure tensions during the 
installation process, as well as to monitor the tensions during operation. 

4) Tendon Main Body represents the longest section of the tendon system, with the actual 
length depending on the water depth of the installation. In one case, this section is a 
continuous welded pipe section which was fabricated ashore and towed to location and 
upended (Jolliet). Lƴ ŀƭƭ ǎǳōǎŜǉǳŜƴǘ Dha ¢[tΩǎΣ ǘƘƛǎ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǘŜƴŘƻƴ ƛǎ ƳŀŘŜ ǳǇ ƻŦ 
multiple tendon joints, connected by mechanical couplings which are welded to the 
assembled joints. !ƭƭ Dha ¢[tΩǎ ǎǘŀǊǘƛƴƎ ǿƛǘƘ !ǳƎŜǊ ǳǎŜ ŀ ƴƻƴ-rotating mechanical coupling 
based on a well casing coupling design. aƻǎǘ ƻŦ ǘƘŜ Dha ¢[tΩǎ ǳǎŜ hƛƭ {ǘŀǘŜǎ aŜǊƭƛƴ ŎƻǳǇƭƛƴƎΣ 
although more recently GMC has developed a similar coupling which they refer to as ITC. The 
length of each joint is determined by the length handling capabilities of the installation 
equipment. Typical Tendon Pipes may range in diameter from 24 to 44 inches, and with wall 
ǘƘƛŎƪƴŜǎǎŜǎ ǊŀƴƎƛƴƎ ŦǊƻƳ лΦумέ ǘƻ мΦррέΦ Typical tendon joints range from 100 ft. to 300 ft. 
long. 

5) Tendon Bottom Connector Assembly comprises the Tendon Bottom Connector that 
incorporates an elastomeric flex element and the Tendon Extension piece. The flex element 
allows the tendon to rotate with respect to the Tendon Pile due to the horizontal excursions 
of the TLP.  

6) Tendon Pile and Receptacle that provides the interface connection between the Tendon 
Bottom Connector Assembly and the Tendon Foundation. For the case of the single pile 
foundation, the Tendon Lower Connector Receptacle is welded to and installed with the 
Tendon Pile. For the case of the foundation template or gravity/suction caisson, the Tendon 
Lower Connector Receptacle is incorporated into the structure. 
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1.3. Tendon Design Philosophy 

From the design perspective, TLP tendons are considered to be a critical system comprised of 
non-redundant components, as a failure of a single component may result in the failure of an 
entire tendon. Given both the relatively high tension loads carried by the tendons and their 
proximity to the each other and to the production and export risers, failure of a single tendon 
may impose a significant risk of damage to the TLP. Therefore, to minimize the risk of failure of 
any tendon component, a similar design philosophy has been employed on most existing TLPs.  
 
Key aspects of this design philosophy include: 
 

¶ Tendons are designed for strength to both extreme and survival conditions, including 1000-
year response design criteria with appropriate safety factors. 

¶ Tendons are designed to remain void (or dry) for the entire design life. This removes internal 
corrosion, and provides a means (through acoustic inspection or tendon response 
characteristics) to monitor the health of the tendon. 

¶ Tendons are designed to ensure that any flooding of the tendon (due to leakage from cracks 
in the tendon pipe or connector) would occur prior to the total failure (or fracture) of the 
tendon. This leak-before-break approach assumes that the flooding of the tendon can be 
detected with sufficient time for it to be retrieved (and ultimately replaced) prior to its 
ultimate failure. 

¶ Tendon components are designed as άuninspectableέ once in service. This requirement 
implies that the components will be designed with an enhanced safety factor for fatigue, 
typically a minimum of 10 times the design life of the TLP. 

¶ Tendons and the entire TLP system are designed to withstand reduced extreme criteria with 
one tendon missing/decommissioned to enable replacement of a damaged or faulty tendon. 

¶ DƛǾŜƴ ǘƘŜ ǘŜƴŘƻƴΩǎ ŎǊƛǘƛŎŀƭƛǘȅ ŀƴŘ άuninspectabilityέ, the components need to be fabricated 
to a high quality standard, including enhanced inspection and documentation of all 
components. In particular, the critical welds used to join the tendon pipe to tendon pipe and 
tendon pipe to connectors would be subject to extensive Non-Destructive Testing (NDT) 
including Ultrasonic Testing (UT), Radiography (X-Ray), and Magnetic Particle Inspection 
(MPI) of these critical welds. 
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Figure 1.3- TLP Tendon Components (Graphic Courtesy of BH-GE) 

1.4. API RP 2T 
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The US standard for the design and fabrication of TLPs is API RP 2T. It was first introduced in 
1987 and has had two revisions since then in 1997 and 2010. The third edition is currently in 
use. In general terms the progression from the 1st Edition to the 3rd Edition is as follows: 
 

¶ 1st Edition, 1987, a general consensus document highlighting the important issues to be 
addressed as part of the design. There were 2 TLPs installed at the time this document 
was developed. 

¶ 2nd Edition, 1997, made some general updates and added section on fire and blast and 
wind spectra and can be considered a minor update overall 

¶ 3rd Edition, 2010, incorporated many changes and lessons learned over 20 years of 
practice. The scope of the document was expanded, and a variety of new topics were 
addressed including survival criteria, a probabilistic scan, and robustness checks. 

 
With respect to tendons the 2nd Edition had 10 pages of guidance and the 3rd Edition has about 
30 pages of guidance. Among the changes were guidance on addressing pipe strength criteria 
to expand on the API RP 2A approaches, a specific robustness check on the tendon system, low-
cycle/high-stress fatigue guidance and a greatly expanded commentary section. Many of these 
changes specifically address lessons learned from the major hurricanes that affected the GOM 
in the mid to late 2000s and tried to incorporate more guidance in the 2T document rather than 
refer to other standards. 
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2. 4ÅÎÄÏÎ 3ÙÓÔÅÍ $ÅÓÃÒÉÐÔÉÏÎ 

The tendon system on a Tension Leg Platform (TLP) is both part of the structure and a mooring 
system. The TLP is supported primarily by buoyancy, but is rigidly attached to the seafloor by the 
tendon system. The tendons, as long as they are in tension, provide rigid restraint against vertical 
motions of the buoyant hull, as well as performing station keeping against horizontal motions. 
Historically, depending on the TLP design, 6 to 16 tendons are used to make up the complete 
system. 
 
! ǘŜƴŘƻƴΩǎ Ŧƛƴŀƭ ŘŜǎƛƎƴ Ƴǳǎǘ ŎƻƳǇƭȅ ǿƛǘƘ five general requirements:  

1) the tendon must maintain positive tension under all design extreme conditions;  
2) the maximum stress in design extreme conditions must be less than design allowable 

stresses;   
3) the tendons must meet axial stiffness requirements to prevent excessive resonant vertical 

responses (heave/pitch/roll);  
4) the tendon pretension must be sufficient to meet horizontal offset requirements; and  
5) the fatigue life of the tendon due to dynamic loading over its life must meet appropriate 

safety factors. 
 
The load path travels through each component of an individual tendon to provide mooring and 
motion restraint for the TLP. From the hull, the load path travels through the tendon porch and 
into the Tendon Top Connector Assembly, which includes a flex element and a means for fine 
adjustments for length. The Top Connector Assembly also contains the Tendon Tension 
Monitoring System (TTMS) sensors. Below the Tendon Top Connector Assembly, the Tendon 
aŀƛƴ .ƻŘȅ {ŜŎǘƛƻƴ ǇǊƻǾƛŘŜǎ Ƴƻǎǘ ƻŦ ǘƘŜ ƭŜƴƎǘƘ ǘƻ ǊŜŀŎƘ ǘƘŜ ǎŜŀŦƭƻƻǊΣ ǳǎǳŀƭƭȅ ƳŀŘŜ ǳǇ ƛƴ мллΩ to 
оллΩ ǎŜƎƳŜƴǘǎΣ ŀƭǘƘƻǳƎƘ ƛƴ ǎŜǾŜǊŀƭ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ǘƘŜ ǘŜƴŘƻƴǎ ŀǊŜ ǿŜƭŘŜŘ ƛƴǘƻ ƻƴŜ Ŏƻƴǘƛƴǳƻǳǎ 
piece. The Tendon Pipe in this main body section may incorporate diameter and/or wall thickness 
changes in order to maintain strength and stiffness requirements, while maintaining hydrostatic 
collapse resistance and maintaining desired buoyancy characteristics. Typically, each segment is 
connected by the use of a special coupling which requires no offshore welding. The bottom-most 
segment of the tendon, the Bottom Connector Assembly, incorporates a flex element and a 
bottom connector which, when mated with the Tendon Foundation Receptacle, secures the 
tendon to the tendon foundation.  
 

TLP designs, including the hull and tendon system, have significantly advanced since the first Gulf 
of Mexico (GOM) installation in 1989. In addition, with fuller understanding of the environmental 
forces acting on the TLP, the design methodology and criteria for the TLP have been significantly 
refined. Updated metocean (wind, wave and current) conditions, improved hull configurations, 
and historical events contribute to each TLP having unique design aspects. However, there are 
general features, including inspection methods, which are common to all TLPs.  
 
The following sections list the components of a tendon with common features and variations. 
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2.1. Hull ɀ Tendon Porch 

¢ƘŜ ŦƛǊǎǘ ǘǿƻ ¢[tΩǎ ƛƴ ǘƘŜ bƻǊǘƘ {Ŝŀ όIǳǘǘƻƴ ŀƴŘ {ƴƻǊǊŜύ ŎƻƴƴŜŎǘŜŘ ǘŜƴŘƻƴǎ ǘƻ Ƙǳƭƭ Ǿƛŀ ƛƴǘŜǊƴŀƭ 
hawse pipes interior to the column, with the top connection made above the water line in the 
dry, and a flex joint at the keel level in the hawse pipe. !ƭƭ Dha ¢[tΩǎ ǘƻ ŘŀǘŜ ǳǎŜ ŜȄǘŜǊƴŀƭ ǘŜƴŘƻƴ 
porches located externally on the hull near the keel. 
 
Tendon porches are structures located near the keel of a TLP for attaching the tendons. They are 
typically stiffened plate structures, sometimes with a forged insert where the tendon top 
assembly seats. There are two general configurations for tendon porches, depending on the 
tendon installation methods:  open and closed porch configurations.  
 
Open (or side entry) porches are used when the tendon is installed with the vessel held on 
location close to its final installation position and draft. The tendon is connected at the seabed 
by stabbing into the foundation receptacle, and then swung into the porch with the full upper 
connector already in place. When all tendons are in-place, the connector is snugged up and the 
vessel is deballasted to preload the tendons. 
 
Closed porches are often used when the tendons are pre-installed and are supported by 
temporary buoyancy modules. The hull is floated over the tendons at shallow draft, and ballasted 
down over the tendons. Guidelines to constant tension winches are used to ensure a proper 
άǘƘǊŜŀŘƛƴƎ ǘƘŜ ƴŜŜŘƭŜέ. The portion of the Tendon Top Connector Assembly that is on the vessel 
side of the length adjustment joint, namely the slips, slip housing, flex element, and base plate, 
is mounted on the porch in the fabrication yard, and the tendon top is threaded through this on 
ballasting down. A closed porch is inherently stronger and more resistant to disconnecting under 
worst case conditions, but does make removing or replacing a tendon more difficult. 
 
Figure 2.1 shows images of two porch designs. 
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Figure 2.1 - Open & Closed Porch Designs (© Oil States Industries, Inc.) 

2.2. Tendon Top Connector Assembly 

The Tendon Top Connector Assembly (TTCA) is the most complex part of a tendon. Images of this 
part are shown in Figure 2.2. The TTCA includes the following components: 

¶ Connector (sliding slips or pivoting latch, slip/latch housing) 

¶ Flex Element 

¶ Base plate 

¶ Length Adjustment Joint (LAJ) a threaded or grooved forging used to fine-tune the length by 
engaging the slips at the appropriate location. 

¶ Tapered Transition section (matching the LAJ diameter to the tendon pipe diameter) 

¶ Length make-up pipe (the main body joints are all a standard length, the TTCA is used to 
account for the final water depth, pile elevation, etc. The TTCA may be a different length for 
each tendon) 

¶ Female half tendon pipe coupling 

¶ Corrosion cap (a corrosion and physical protection cap which covers the top of the LAJ, the 
slips and slip housing. It is usually oil or gel filled to provide corrosion protection to the 
complex load bearing machined elements) 

¶ Tendon Tension Measuring System (TTMS) ς Discussed in Section 2.3. 

Open Porch Concept
(Graphic courtesy of OSI)

Closed Porches 
Image shows  tendons during 

installation, with TTMS modules and 
temporary buoyancy modules on 

tendons
(Graphic courtesy of OSI)
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Figure 2.2 - Tendon Top Connector Assembly Images 

Tendon Top Connector Assembly
(Graphic courtesy of BH-GE)

TTC Assembly with TTMS Load Cells 
Note the LAJ is not present.
(Photo courtesy of BH-GE)

Cross Section of Latching and 
Flexing Portion of TTCA
(Graphic from US Patent 

5899638)

LAJ and Slips/Latches Open
(Photo courtesy of BH-GE)
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2.3. Tendon Tension Monitoring  System (TTMS) 

The Tendon Tension Monitoring System (TTMS) is an essential system for the TLP. The TLP is 
different from a freely floating system in that the draft of a freely floating vessel is a direct 
measurement of the displacement of the system, and hence is a way to track the weight. A TLP 
is more or less fixed in draft, and the main indicator of a change in weight is a change in the 
pretension of the tendons. Since the pretension must be maintained to a safe range, the weight 
must be tracked carefully a part of the operation of the TLP. As such, the TTMS is used to track 
or at least verify the weight and tendon pre-tension of the TLP.  
 
The TTMS may be comprised of porch based load cells (between flex element and base plate), or 
extensometers/strain sensors on the length make-up pipe. Figure 2.3 displays three different 
TTMS load cell design configurations.  
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Figure 2.3 - TTMS Load Cell Designs 

 

TTMS Load Cells Located BELOW 
TTCA Flex Element 

(Graphic courtesy of BH-GE)
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2.4. Tendon Main Body 

2.4.1. Pipe 

aŀƛƴ ¢ŜƴŘƻƴ .ƻŘȅ ǇƛǇŜ ƛǎ ǘȅǇƛŎŀƭƭȅ нлέ ǘƻ пуέ ŘƛŀƳŜǘŜǊ ǇƛǇŜΣ ŀƴŘ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǎŜŎǘƛƻƴǎ ƛǎ 
determined by the length handling capabilities of the offshore installation vessel and equipment. 
This has ranged from ~100 ft. to ~300 ft. Pipe joints from pipe manufacturers are typically 40 - 60 
ft. long, so tendon sections typically have 4 or 5 pipe joints welded together with a pin and box 
connector half welded on to each end. 
 
There have been two design philosophies for tendon pipe regarding what the pipe weighs in 
water:   

1) Close to neutrally buoyant, with diameter/wall thickness ratio (D/t) of ~29.5 
2) Smaller pipe/thicker wall to reduce drag load, provide greater resistance to hydrostatic 

collapse, and reduce cost of couplings.  
 
Either philosophy can include variable OD or variable wall thickness to account for increasing 
pressure with depth, and either can include internal bulkheads to limit flooding compartment 
sizes for deeper water depths. Most of the pipe for TLP tendons has been provided by Sumitomo 
in Japan, or Europipe in Germany. 
 

2.4.2. Couplings 

¢ƘŜ ŜŀǊƭƛŜǎǘ ¢[tΩǎ ǳǎŜŘ ǎŎǊŜǿ ǘƘǊŜŀŘ ŎƻǳǇƭƛƴƎǎ ƻǊ ǎƛƴƎƭŜ ǇƛŜŎŜ Ŏƻƴǘƛƴǳƻǳǎƭȅ ǿŜƭŘŜŘ ǘŜƴŘƻƴǎΣ ōǳǘ 
ǎǘŀǊǘƛƴƎ ǿƛǘƘ !ǳƎŜǊ ƛƴ мффпΣ ŀƭƭ Dha ¢[tΩǎ ƘŀǾŜ ǳǎŜŘ ŀ tapered, non-helical, grooved thread 
coupling derived from a casing connector which cannot come un-screwed. This was first 
developed by Oil States Industries (OSI) for Shell Oil and known as the Merlin Coupling (see Figure 
2.4), but has since been further developed by others (GMC - Intermediate Tendon Connector - 
ITC). The pin and box, when first initially assembled, are limited to not engaging the last thread 
due to the taper of each, and the interference of the threads. A preliminary metal-to-metal seal 
at the root and tip of the pin section allows the introduction of high-pressure hydraulic fluid into 
the threaded region, which squeezes the pin and stretches the box, allowing the connector pair 
to be forced together to its final engagement position. Relaxing the hydraulic pressure allows full 
engagement of the threads, which form a strong, non-rotating bond. Ideally, the connector is 
reversible, but disassembly has not been attempted on any tendons after years in place. The big 
concern in removal is the ability of the seals to hold hydraulic pressure after years of exposure to 
seawater. 
 



Integrity Management Process of Tension Leg Platforms Page 16 

BSEE Project Number: E17PC00018   September 2018 

Energo Engineering ¶ 601 Jefferson Street ¶ Houston, TX 77002 USA ¶ Tel: (713) 753-3990 ¶ Fax: 713-753-4548 
www.energoeng.com 

 

 

 
Figure 2.4 - Merlin Tendon Coupling (© Oil States Industries, Inc.) 

 

2.5. Tendon Bottom Connector Assembly (TBCA) 

The Bottom Connector Assembly (TBCA) includes a male half of the pipe coupling, a short length 
of tendon pipe, a tapered transition element for diameter change from the main body section to 
a forging connecting to the flex element, the flex element, and a bottom connector which 
matches the pile receptacle. 
 
There are several styles of bottom connectors, but with two designs dominating the field. In the 
GOM, only Jolliet used a one-off design, a plug end which was lowered and slipped into a side 
entry receptacle. All others since then (GOM and world-wide) have used either a roto-latch 
ŎƻƴŎŜǇǘ ŘŜǾŜƭƻǇŜŘ ōȅ {ƘŜƭƭ ŀƴŘ ƭƛŎŜƴǎŜŘ ǘƻ ǾŀǊƛƻǳǎ ǎǳǇǇƭƛŜǊǎΣ ƻǊ ŀ άǎƴŀǇ-ǊƛƴƎέ ŎƻƴƴŜŎǘƻǊ 
developed by Vetco (now BakerHughes-GE). Both connector styles were developed to freely stab 
into the receptacle and automatically latch, and disconnect by lowering the connector an 
additional amount (approximately 1 meter) and then retrieving without any other intervention. 
Figure 2.5 shows diagrams of the TBCA design. 
 
Following the loss of the Typhoon TLP which disconnected in the peak of hurricane Rita, many of 
the designs have incorporated a further latching mechanism which prevents disconnect even if 
the tendon goes slack and drops in the receptacle. 
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Figure 2.5 - Diagrams Showing TBCA Designs 

 

2.6. Tendon Pile and Receptacle 

Lƴ Ƴƻǎǘ Dha ¢[tΩǎ ŀŦǘŜǊ WƻƭƭƛŜǘ ŀƴŘ !ǳƎŜǊΣ ǘƘŜ ǘŜƴŘƻƴǎ ŀǊŜ ŜŀŎƘ ŎƻƴƴŜŎǘŜŘ ǘƻ ŀ ǎƛƴƎƭŜ 
independent pile which includes an appropriate connector receptacle at its top. All 12 tendons 
on Jolliet are connected to a single foundation template which was set on bottom and piled to 

Right - RotolatchType 
TBCA in Receptacle

(Graphic courtesy of OSI)

Above - Early Snap Ring 
Type TBC Cross Section in 

Receptacle
(Graphic courtesy of BH-GE)

 

(© Oil States Industries, Inc.) 
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the seabed with 16 piles. The Auger foundations are separate for each corner of the TLP, each 
template having 4 piles for attaching to the seabed and supporting 3 tendons. 
 
The deepwater Gulf of Mexico soils are generally deep-sea siliceous silts and clays, which are well 
suited to underwater pile driving. !ŦǘŜǊ ŘǊƛǾƛƴƎΣ ǘƘŜ ǎƻƛƭ άƘŜŀƭǎέ ƻǾŜǊ ǘƛƳŜ ŀƴŘ ŘŜǾŜƭƻǇǎ ƭŀǊƎŜ 
holding power. In other areas of the world which contain calcareous sands, or rocky substrates, 
other TLP foundations have been used or considered, including gravity bases, combination 
gravity/suction piles, and drilled and grouted piles.  
 
¢ƘŜ ŘǊƛǾŜƴ ŦƻǳƴŘŀǘƛƻƴ ǇƛƭŜǎ ŦƻǊ Dha ¢[tΩǎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ тнέ ς фсέ ŘƛŀƳŜǘŜǊΣ ŀƴŘ ŀǊŜ олл ǘƻ пол 
ft. long. The receptacles are generally 60-тнέ ŘƛŀƳŜǘŜǊΣ ŀƴŘ ŀǊŜ ŎƻƴŦƛƎǳǊŜŘ ŦƻǊ ǘƘŜ Ǌƻǘƻ-latch or 
snap ring connector styles (see Figure 2.6). If the pile and receptacle are differing diameters, a 
tapered transition is used between them. Because of the stresses during pile driving, and because 
they are not easily inspectable, the piles and receptacles are generally designed to operate at 
much lower stresses that the tendon itself, and have very long fatigue lives. 
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Figure 2.6 - Piles with receptacles attached. The CP anode sleeves shown are installed after 

pile driving. (Photo courtesy of ENI) 

2.7. Tendon Coatings and Cathodic Protection (CP) System 

Tendons have typically been protected from corrosion by a combination of coatings and cathodic 
protection.  

2.7.1. Coatings 

The coatings vary by the sections of the tendon. The main pipe sections are usually coated at the 
pipe mill or at pipe paint shop. The top and bottom assemblies are specialized components and 
are coated by the manufacturer. 

2.7.1.1. Tendon Top and Bottom Assemblies and Individual Pipe Joints  
The machined sections are critical for tolerances, and have included the following coatings: 

¶ Xylan (fluoropolymer),  

¶ Thermal Sprayed Aluminum (TSA), 

¶ Ceram-Kote (ceramic particles is a resin coating),  
The pipe sections and fabricated steel components typically have the following coatings: 

¶ FBE (fusion bonded epoxy), or 
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¶ FBE combined with PE (polyethylene) outer layer for abrasion protection 

2.7.1.2. Main Body Sections 
For the main body sections, the first TLP in North Sea (Hutton) had a Thermal Sprayed Aluminum 
(TSA) coating. All of the Dha ¢[tΩǎ have fusion bonded epoxy (FBE), or a three-layer polyethylene 
(PE) coating which includes a first layer of FBE, a PE adhesive, and PE as the final layer. The 
individual pipe joints are originally coated at the pipe mill or coating contractor. The couplings 
and weld joints are field coated at the fabrication yard. 

2.7.2. Cathodic Protection  

There have been two general approaches to cathodic protection (CP) of tendons:   

¶ distributed anodes on the tendon (mounted on one of the couplings on each tendon joint), 
or  

¶ clustered anodes on the hull and on the pile to protect the tendon, protecting the tendon 
from both ends. This is similar to how pipelines are protected with anodes spaced up to one 
mile apart. 

The anodes at the pile are typically mounted on a sleeve around the top of the pile or on a sled 
beside the pile in order to avoid damage to anodes during pile driving. In all cases, since the flex 
joints are an electrical isolating element, there is a jumper cable top and bottom to connect the 
tendon to the pile and to the hull.  

2.8. Tendon Inspection 

Although designed as uninspectable, tƘŜ ŦƛǊǎǘ ŦŜǿ ¢[tΩǎ ǿŜǊŜ ŘŜǎƛƎƴŜŘ ŦƻǊ ƛƴǘŜǊƴŀƭ ƛƴǎǇŜŎǘƛƻƴΣ 
with access ports for dry access through the TTCA. However, these have never been utilized, and 
ŀƭƭ ¢[tΩǎ ǎƛƴŎŜ ǘƘŜƴ ƘŀǾŜ eliminated this feature, which provides one fewer failure point. 
 
Further, as new inspection technologies are developed, new abilities to examine the condition 
can ensure the ability of the tendon to perform as required through the design life or during a 
life extension. These new inspection technologies are discussed in more detail in Section 6.  
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3. #ÕÒÒÅÎÔ )ÎÄÕÓÔÒÙ 4ÅÎÄÏÎ )ÎÔÅÇÒÉÔÙ -ÁÎÁÇÅÍÅÎÔ 0ÒÁÃÔÉÃÅÓ 

As part of this project, operators of most of the TLPs in the GOM were contacted and a 
conference call set up to discuss: 

¶ their tendon design,  

¶ how they maintain tendon integrity,  

¶ ǿƘŜǘƘŜǊ ǘƘŜȅΩǾŜ ŎƻƴǎƛŘŜǊŜŘ ƭƛŦŜ ŜȄǘŜƴǎƛƻƴ ŦƻǊ ǘƘŜƛǊ TLPs,  

¶ how their tendons are monitored and how that data is used.  
 
The information from these discussions has been compiled with the idea of identifying common 
practice for GOM operators and any significant differences in these practices across the 
operators. This information is useful to understand how operations are typically carried out with 
respect to tendons, and where there may not be a common practice for a particular activity what 
range of practices are used. The following sections summarize these findings. Section 3.5 
provides a more detailed breakdown of the questions asked, the common answers and some of 
the unique answers provided. 

3.1. Tendon IM Philosophy 

Historically, the tendon Integrity Management (IM) philosophy has been driven by the tendon 
design philosophy. Tendon design philosophy has been driven by two concepts: 1) leak-before-
break and 2) tendon pipe is weaker than tendon couplings. 
 
The leak-before-break concept means that the tendon is designed so it can withstand a through 
thickness crack, leading to a leak which can be detected prior to the crack expanding to a size 
that would lead to failure of the tendon. To meet this criterion, stringent specifications for 
materials and fabrication are needed so that crack propagation characteristics are well 
understood.  
 
The tendon couplings are designed to be stronger than the tendon pipe so that the crucial 
mechanical couplers are not a failure point. Part of the reason for this approach is that the 
performance of these connectors is difficult to inspect and monitor over the service life and 
attention can be focused on the tendon pipe which is more straightforward to inspect and 
monitor.  
 
These key design approaches drive inspection priorities and techniques. The overall approach to 
tendon IM has been regular overall visual inspections to identify gross damage, overall condition, 
and performance of the cathodic protection system and coatings, and leak detection. Generally, 
inspection is the primary means of detecting through thickness cracks that may result in leaks, 
since the TTMS are typically not sensitive enough to detect partial flooding of a tendon.  
 

3.2. Tendon Performance History  

The most common tendon performance issue across the industry is failure or reduced 
performance of the TTMS system which is discussed in detail in the following section. Section 3.5 
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describes some of the common anomalies that could be or have been found on various tendon 
components.  
 
Lƴ ǘƘŜ ол ȅŜŀǊǎ ǘƘŀǘ ¢[tΩǎ ƘŀǾŜ ōŜŜƴ ŘŜǇƭƻȅŜŘ ƛƴ ǘƘŜ DǳƭŦ ƻŦ aŜȄƛŎƻΣ ǘƘŜǊŜ ƘŀǾŜ ōŜŜƴ 
observations of the following types of damage to TLP tendons: 
 

¶ Dents and scrapes during handling, transportation, and installation. 

¶ Loss of tendons during transportation (one piece welded tendons during tow, sank and 
collapsed due to water depth). 

¶ Loss of tendons during installation (loss of buoyancy modules during pre-installation of 
tendons prior to TLP hull installation). 

¶ Mooring/tow line scrapes during field life, typically causing coating loss and minor surface 
damage to the steel. 

¶ Flooded tendon (in West Africa) which likely may have been due to leaking during 
installation. 

¶ Loss of platform and all tendons due to tendon disconnect following slack condition due to 
exceedance of design condition and/or interaction with drifting drill rig. 

¶ Flex element rubber failure, similar to early riser flex joint failures. Combination of 
temperature, stresses during service, and rubber quality control. Rubber extruding from 
between steel shim layers, resulting in loss of height of flex element and increasing and 
difficult to predict bending stiffness changes. 

¶ Failure of TTMS sensors due to failed sensors and failed cabling/connectors. (This is chronic 
ŦƻǊ Ƴŀƴȅ ¢[tΩǎύΦ 

 
Overall, the history of tendon performance in the US GOM has been good; however, failure of 
the bottom connectors on Typhoon during Hurricane Rita did lead to loss of the tendon system 
and capsized the hull. This emphasizes the critical nature of the tendon systems and the real 
potential for significant damage if all the components are not functioning properly.  
 
Industry-wide, the most common anomalies found on TLP tendons has been debris becoming 
entangled in various locations including at the top connections, among TTMS cabling, and within 
strakes. Coating breakdown is also a common occurrence as the facilities age, and in some cases 
abrasion damage to coatings has been noted.  
 
More unusual is flooding of the tendons and breakdown of flex connectors. One report, not in 
the GOM, has been made of a flooded tendon segment but no cause of that flooding has been 
identified, it has not progressed, and that the water may have been present since installation. 
Significant breakdown of the flex bearing elastomer in the top connection has been identified at 
the Allegheny facility and these have all been replaced. This is not believed to be a widespread 
issue, though degradation of these connectors is a potential long-term factor to be considered 
for all TLPs. 
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3.3. Tendon IM Activities and Frequencies 

General practices within the GOM TLP fleet are similar. General visual inspections are used via 
ROV to identify gross damage, review overall condition, and monitor the performance of the 
cathodic protection system and coatings. Leak detection is conducted using Flooded Member 
Detection (FMD).  
 
The TTMS is also employed as part of the load management system and to identify potential high 
or low-tension values in the tendons or failure of the tendons. It is not believed that the TTMSs 
are sensitive enough to identify a leak in a tendon or other degradation progression. 
 
The frequency of these inspections is every two to three years and is coupled with the 
underwater hull inspection cycle.  
 

3.4. Tendon Inspection Technologies 

3.4.1. Current Practices  

Typical tendon inspections are conducted via ROV and include visual, cathodic potential and 
flooded member detection. These are standard offshore subsea inspection technologies used for 
many different asset types and systems (e.g., hull, riser, catenary moorings, etc.).  
 
When required, other technologies have been used to more explicitly evaluate specific 
components of tendon systems. These have primarily focused on the flex bearings at the top and 
bottom connectors. These have involved high definition cameras mounted on unique systems to 
access hard to reach areas, particularly inside the bottom connectors, to provide visual indication 
of the state of the flex bearings, looking for wear, bulges or other degradation. These inspections 
also involve some level of cleaning. The use of water cavitation tools to clean tendon 
components, especially the elastomer within a top or bottom connector, is becoming more 
prevalent. Cavitation blasting can efficiently clean marine fouling off of the tendon components 
without damaging either steel or rubber. After cleaning the elastomer, a 3D laser mapping of the 
elastomer can be performed, which allows for dimensional changes and shape characteristics to 
be clearly seen. Recent experience with failed flex elements on risers and tendons has provided 
a good background for understanding and identifying possible failures. 
 

3.4.2. Future Technologies  

In large part, future technologies are driven by specific issues that arise or problems that need to 
be solved. One operator has indicated that a tool is being considered that could perform UT 
measurements on a girth weld for use on critical locations. Whether this or a similar NDT 
technology is made available depends on the need for close examination of tendon welds.  
 
Another example is the development of automated phased array acoustic techniques for 
examining welds in underwater applications. This technology has been used during fabrication of 
a number of TLP systems and is now being developed for ROV operation in tendon inspection.  
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3.5. TLP Operator Discussions 

3.5.1. Observed Common Designs and Integrity Management Practices  

As part of this project, meetings were set up with individual TLP operators to discuss how they 
manage the integrity the tendons. Table 3.1 provides a summary of the information gathered as 
part of the TLP operator discussions. Unique responses from the discussions are also provided. 
These tended to be activities that were not common across the operators.  
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Table 3.1 ς Common Design and Integrity Management Practices 

Question Common Response Unique Responses 

Tendon Design Philosophy  

What design standards / practices were 
followed? 

Many GOM TLPs are classed and as such will 
follow class guidance for floating production 
systems. All followed the API 2T guidance in 
place at the time of the design. 

Particularly for the earlier TLP 
installations, corporate guidance and in-
house standards were followed in 
addition to the common industry 
guidance. 

How was redundancy built into the system? Many facilities were designed to withstand a 
level of loading with a single tendon failure. A 
common design approach is to have a leak 
before failure philosophy such that the 
tendon is strong enough to withstand a high 
level of loading with a through thickness 
crack. 

At least one operator has considered a 
condition with two tendons failed 
though this could not be sustained for 
certain TLP configurations. 

What factors of safety were used? The common fatigue factor of safety used 
even for the earliest TLPs is at least 10 times 
the service life. 

 

What load conditions were considered? Designs typically have addressed at a 
minimum 100-year storm cases (both wind 
and wave driven), operational cases, fatigue 
cases often including consideration for high 
stress, low cycle hurricane conditions, and 
special cases such as loop currents, VIM and 
VIV. 

More recently, survival cases 
considering a 1,000-year storm 
condition have been included. This 
became a part of API 2T in the 3rd 
Edition. 

Is there full documentation available for the as-
built / as installed tendon system? 

The assets still operated by the original 
organization have the most complete set of 
data. 

At least some of the operators that have 
purchased existing assets have a good 
set of records. 
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Table 3.1 ς Common Design and Integrity Management Practices 

Question Common Response Unique Responses 

What barriers/safeguards were designed into 
the system (coatings, anodes, etc.)? 

It is common to use a combination of 
coatings and anodes with special attention at 
the top and bottom connectors (e.g., 
corrosion cap). Both distributed anodes along 
the length of the tendon, and grouped 
anodes at the hull and on the foundation pile 
to protect the tendon are common. 

Some assets incorporated more 
corrosion resistant materials (e.g., 
duplex stainless steel) for the tendon 
body.  

Connections (Mechanical and Welded) Design Philosophy  

What design standards were followed? 

¶ Class (e.g., ABS, DNV) 

¶ Industry (e.g., API, ISO) 

¶ Corporate (in-house standards / 
practices) 

Many GOM TLPs are classed and as such will 
follow class rules for Floating Offshore 
Installations (FOIs). All followed the API 2T 
guidance in place at the time of the design.  

Particularly for the earlier TLP 
installations, corporate guidance and in-
house standards were followed in 
addition to the common industry 
guidance. 

What factors of safety were used? 

¶ Strength 

¶ Fatigue Life 

A common fatigue factor of safety used for 
more recent designs is 10 times the service 
life. 

The earlier designs used a higher factor 
of safety for connectors, 40 was used at 
least through the late 90s on some 
designs. A value of 20 has also been 
used. 

Was strength and fatigue testing carried out on 
mechanical connectors and other components? 

This is not typical for more recent designs 
which have relied on the performance of 
previous, similar components in service. 

Early designs commonly tested 
components such as the flex bearings 
and segment connectors (e.g., Merlin 
connectors) to prove their strength and 
durability 

What QC requirements were imposed on 
welds? 

In order to meet the design philosophy of 
withstanding a through thickness crack and 
that a crack will not expand around the 
circumference before it could be identified by 
inspection the initial acceptable flaw size 
must be carefully controlled during 
fabrication. 
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Table 3.1 ς Common Design and Integrity Management Practices 

Question Common Response Unique Responses 

What connections/components were 
ŎƻƴǎƛŘŜǊŜŘ άǳƴƛƴǎǇŜŎǘŀōƭŜέΚ 

For most tendon configurations the inside of 
the tendon bodies and the lower side of the 
bottom flex element are uninspectable. For 
typical inspection processes both the top and 
bottom connector internal workings are 
uninspectable. 

Some operators have made use of HD 
cameras and laser scanning either by 
divers or ROV to inspect flex bearings. 

Iƻǿ ǿŜǊŜ άǳƴƛƴǎǇŜŎǘŀōƭŜέ ŎƻƳǇƻƴŜƴǘǎ ǘǊŜŀǘŜŘ 
in design (e.g., high safety factors, more 
rigorous testing)? 

The safety factors used assume that the 
components cannot be inspected 

 

Tendon IM Philosophy  

How did you develop the integrity 
management program for the tendons?   
Did you use risk-based approaches? 

For those assets that are or were classed, 
class guidance was followed for in-service 
surveys. ISIPs are developed to meet USCG 
regulations. Generally, risk-based approaches 
have not been used since they have not been 
accepted by regulators until recently. 

At least one asset has developed a risk-
based inspection program for their TLP 
based on new guidance from regulators. 

How often do you normally inspect the 
tendons? 

The tendon inspections are usually conducted 
as part of the overall UWILD survey program 
and are typically conducted on a twice-in-
five-year cycle. 

One asset is on a three times in five 
years cycle. And several assets are on 
once in five years cycle. 

What is the typical inspection scope during an 
inspection? 

Almost all operators use an ROV to conduct 
general visual inspections, cathodic potential 
readings and flooded member detection 
(FMD) for their tendons 

One operator indicated that no regular 
FMD was conducted only visual 
inspections. 

What inspection techniques/technology is 
used? 

¶ For tendons 

¶ For mechanical connections 

¶ For welded connections 

¶ Flex elements 

In typical survey cycles no special 
technologies are used for any of the 
components beyond what is described above. 
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Table 3.1 ς Common Design and Integrity Management Practices 

Question Common Response Unique Responses 

What group within your organization manages 
tendon integrity management (e.g., structures, 
subsea, etc.)? 

Most operators have an integrity group that 
addresses topsides, hull and subsea integrity. 
These groups usually address tendon 
integrity as part of the hull integrity group. 

At least one operator uses facilities 
engineering groups to handle integrity 
programs. 

Do you use monitoring data (tendon tension, 
motions or environmental) to manage the 
integrity of the tendons? 

The tension data is typically displayed and 
used real time as part of the load 
management system within the ballast 
control room. However, typically tension 
monitoring and other data simply captured 
and stored, often remotely, but the data is 
not processed or reviewed on a periodic basis 
to investigate trends as part of tendon 
integrity management. 

One operator does periodically 
interrogate the data collected and 
investigate tension trends and changes 
as part of their integrity management 
program. 

Tendon Performance History  

Have any anomalous conditions been 
observed? 

The majority of anomalies identified have 
been minor including abrasion damage (often 
attributed to installation) to coatings and 
debris. 

One operator has identified significant 
degradation of the top flex connectors. 
Substantial coating damage has been 
observed on at least one installation. 

Have there been any repairs or significant 
changes in your integrity management program 
been implemented to address anomalies? 

Most tendons have had no issues that require 
repairs, or changes to the integrity program 

One operator has implemented a 
replacement of their top flex connectors 

How has the CP system performed to date? Most CP systems have performed well with 
no anomalous conditions 

One operator has installed anode sleds 
to augment the existing CP system 

Tendon Life Extension Philosophy  

Has a Life Extension process been considered or 
implemented? 

A number of assets are considering or are 
implementing life extension programs for 
their assets 
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Table 3.1 ς Common Design and Integrity Management Practices 

Question Common Response Unique Responses 

How has monitoring data been used or planned 
to be used? 

There is a mix of how the existing data set 
from monitoring is being or planned to be 
used, but most operators intend to or are 
using the monitoring data in some form, 
particularly with respect to investigating 
fatigue life. 

One operator has not used their data set 
to support life extension 

What have been some of the challenges to 
extending the life of the tendons? 

Tendon related challenges have mostly 
centered on demonstrating the suitability of 
the flex bearings to continue use beyond 
their original service life. 

 

What have some of the considerations been to 
address these challenges? 

A variety of approaches have been used to 
address the flex bearing question including 
manufacturer data and testing, additional 
analysis, more extensive inspection data 
gathered and outright replacement. 

 

Has the use of new inspection 
techniques/technology been a consideration? 

In some cases, new capabilities have been or 
are planning to be implemented including HD 
imaging, laser scanning, various tools to 
access hard to reach areas and new NDT 
technologies (e.g., UT measurements for girth 
welds) 

 

Tendon Monitoring (TTMS)  

Do you have a TTMS system?  All operators contacted indicated that they 
do have a TTMS system on their assets 

 

Does it function (fully, partially)? Most assets that have been operating for ten 
or more years have only partial function in 
their systems though generally they have 
enough data to adequately characterize 
tendon tensions for all tendons. 

One operator indicated that all load cells 
on one asset are inoperable 
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Table 3.1 ς Common Design and Integrity Management Practices 

Question Common Response Unique Responses 

Which tendons are monitored (all, one per 
corner)? 

Most assets have systems that monitor each 
tendon though there are several assets that 
have only 1 or 2 tendons per corner that are 
actively monitored, as per the original design. 

 

Have any components been repaired/replaced? Most assets in service for a number of years 
have had to make some repairs to their 
system, most typically to the cables. 

 

How is the data used All assets use the data to feed into their load 
management systems but generally that is all 
the data is used for. Most assets keep some 
amount of data long term though it is not 
actively processed and reviewed. 

One operator does periodically 
interrogate the data collected and 
investigate tension trends and changes 
as part of their integrity management 
program. 
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3.5.2. Tendon Inspection Practices and Observed Anomalies  

Table 3.2 provides a summary of the general tendon inspection practices and observed industry 
anomalies.
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Table 3.2 ς General Tendon Inspection Practices and Observed Anomalies 

Component 
Damage 

Mechanisms 
Damage 

Indicators 
Detection 
Methods 

Inspection Methods 
General Practice 

Typical Anomalies and Mitigations 

Hull - 
Tendon 
Porch 

Strength 
Fatigue  
Other 

Buckle or 
deformation 
Crack 
Corrosion 

GVI 
CVI 
NDE 
CP 

Typical inspection for all TLP inspection plans 
(as applicable per features): 
ω D±L of entire porch structure looking for 
signs of impact damage (areas of non-uniform 
marine growth, dents, buckles, etc.), debris 
(typically found resting on porch or entangled 
in cable rack and/or TTMS conduit), cracking, 
or corrosion. 
ω aŀǊƛƴŜ DǊƻǿǘƘ aŜŀǎǳǊŜƳŜƴǘ - thickness 
and type (hard/soft) of marine growth is 
estimated  
ω /t aŜŀǎǳǊŜƳŜƴǘǎ - The cathodic protection 
for the porch is included within the hull 
design, as they are fully integrated into the 
hull and not electrically isolated. CP readings 
are taken on the porch to confirm adequate 
protection. 
 
Additional Special Inspection Scope (Not 
common to all TLP inspection plans): 
ω /±L in way of critical inspection points (e.g., 
stress concentrations, low fatigue life etc.) - 
usually requires cleaning performed by water 
blaster (Work-class ROV or divers) 
ω b59 in way of locations subjected to CVI - 
performed by diver 

ω Debris entangled with structure and/or TTMS 
cabling - very common, especially on TLPs closest 
to shore 
֙ 5ŜōǊƛǎ ǊŜƳƻǾŜŘ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ ƛƴǎǇŜŎǘŜŘ ŦƻǊ 
damage. Damage mitigations performed on a 
case-by-case basis 
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Table 3.2 ς General Tendon Inspection Practices and Observed Anomalies 

Component 
Damage 

Mechanisms 
Damage 

Indicators 
Detection 
Methods 

Inspection Methods 
General Practice 

Typical Anomalies and Mitigations 

Tendon Top 
Connector 
Assembly 

Strength 
Fatigue  
Other 

Elastomer 
Irregular Bulge 
and Extrusion 
- Indicates 
overstress 
Area missing 
marine grown 
(irregular 
marine 
growth) - 
Indicates 
potential 
impact 
Corrosion 

CVI 
CP 
measurement 

Typical inspection for all TLPs (as applicable 
per features): 
ω D±L entire top connector looking for signs of 
impact damage (areas of non-uniform marine 
growth, dents, buckles, etc.), debris (typically 
found resting on porch or entangled in cable 
rack and/or TTMS conduit), cracking, or 
corrosion. Visually confirm corrosion cap is 
intact and in proper position. 
ω /±L of connector elastomer for irregular 
bulge and extrusion (indicates overstress) and 
latch segment 
֙ ! ǎǇŜŎƛŀƭƛȊŜŘ ŎƭŜŀƴƛƴƎ ǘƻƻƭ Ƙŀǎ ōŜŜƴ 
designed to clean and obtain laser mapping of 
the elastomer (Flex Joint Cleaning Tool) 
ω aŀǊƛƴŜ DǊƻǿǘƘ aŜŀǎǳǊŜƳŜƴǘ - thickness 
and type (hard/soft) of marine growth is 
estimated 
ω /t aŜŀǎǳǊŜƳŜƴǘǎ - The cathodic protection 
for the top connector is verified by obtaining 
CP readings on the connector 
Additional Special Inspection Scope (Not 
common to all TLP inspection plans): 
ω I5 ±ƛŘŜƻ of flex elements to allow for 3D 
modeling (worst 2 elements only). Models 
clearly show small bulges or deformations. 
Note: This technology is new in industry 

ω Damaged elastomer (budges and/or extrusion) - 
has occurred at least once in GOM (all tendon top 
connectors on asset) 
֙ aƻƴƛǘƻǊ ŀƴŘ ǊŜǇƭŀŎŜ ǘƻǇ ŎƻƴƴŜŎǘƻǊ ŦƭŜȄ joint 
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Table 3.2 ς General Tendon Inspection Practices and Observed Anomalies 

Component 
Damage 

Mechanisms 
Damage 

Indicators 
Detection 
Methods 

Inspection Methods 
General Practice 

Typical Anomalies and Mitigations 

Tendon Top 
Connector 
Assembly ς 
Pipe Section 

Strength 
Fatigue  
Other 

Area missing 
marine grown 
(irregular 
marine 
growth) - 
Indicates 
potential 
impact 
damage to 
coating 
system, 
depleted 
sacrificial-
anodes, 
and/or 
corrosion 
greater than 
allowance 
included in 
design (if any) 
Corrosion 

CVI 
CP 
measurement 

Typical inspection for all TLPs (as applicable 
per features): 
ω D±L of entire length. Check condition of LAJ, 
and TTMS conduit, couplings, and fairings. 
Inspect for damage, debris, coating condition, 
cracking, and corrosion.  
ω !ƴƻŘŜ DǊŀŘƛƴƎ - on all anodes bracelets 
ω aŀǊƛƴŜ ƎǊƻǿǘƘ ƳŜŀǎǳǊŜƳŜƴǘ - usually 
estimated at lower box connector 
ω /t aŜŀǎǳǊŜƳŜƴǘǎ - usually taken at lower 
connector box 
 
Additional Special Inspection Scope (Not 
common to all TLP inspection plans): 
ω D±L scope as described above with both 
sides inspected (two ROV passes at 180° 
heading change) 
ω /±L of any transition girth welds 
ω I5 ±ƛŘŜƻ of shallowest bracelet anodes for 
CP assessment or photogrammetry 

ω Debris entangled with structure, TTMS cabling, 
and/or LAJ - very common, especially on TLPs 
closest to shore 
֙ 5ŜōǊƛǎ ǊŜƳƻǾŜŘ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ ƛƴǎǇŜŎǘŜŘ ŦƻǊ 
damage. Damage mitigations performed  on a 
case-by-case basis 

Top Tension 
Monitoring 
System 

Damaged 
cabling or 
sensors 

Loose or 
severed 
cabling 
Observed 
tension signal 
deterioration 
or blackout  

GVI Typical inspection for all TLPs (as applicable 
per features): 
ω D±L of cabling and load cells. Inspect for 
damage, debris 
 

Damaged or loose cables 
Debris entangled in TTMS  
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Table 3.2 ς General Tendon Inspection Practices and Observed Anomalies 

Component 
Damage 

Mechanisms 
Damage 

Indicators 
Detection 
Methods 

Inspection Methods 
General Practice 

Typical Anomalies and Mitigations 

Tendon 
Main Body ς 
Pipe 
Sections 

Strength 
Fatigue  
Other 

Tendon 
Flooding  
Motion (VIV) 
Corrosion 

GVI  
CVI 
CP 
measurement 
FMD 

Typical inspection for all TLPs (as applicable 
per features): 
ω D±L of entire pipe length. Visually inspect 
external coating system, welds, tendon 
transitions, markings, and any visible 
cablings/conduit. Strakes should be inspected 
for damage. Fairings should be inspected for 
freedom of movement and damage. 
ω !ƴƻŘŜ DǊŀŘƛƴƎ - on all anodes bracelets 
ω aŀǊƛƴŜ ƎǊƻǿǘƘ ƳŜŀǎǳǊŜƳŜƴǘ - usually 
estimated at lower box connector 
ω /t Measurements - usually taken at lower 
connector box 
 
Additional Special Inspection Scope (Not 
common to all TLP inspection plans): 
ω GVI scope as described above with both 
sides inspected (two ROV passes at 180° 
heading change) 
ω CVI of any transition girth welds 
ω FMD taken directly above any internal 
bulkheads - if a flooded tendon segment is 
found, is it considered an indication of 
through cracking 

ω Partially flooded tendon. Water entry is 
believed to have occurred during installation. 
Subsequent inspections have found no additional 
water within the tendon. - One occurrence on a 
non-GOM asset 
֙ !ƴŀƭȅȊŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ƴŜŜŘ ŦƻǊ ǊŜǇƭŀŎŜƳŜƴǘ 
and monitor 
ω Band clamps securing strakes/fairings found 
broken/missing. Buckled or torn strakes or 
fairings. - Very common after ~5 years 
֙ /ƭŜŀƴƛƴƎ ƻŦ ƳŀǊƛƴŜ ƎǊƻǿǘƘκŘŜōǊƛǎ ǘƻ ŀƭƭƻǿ ŦǊŜŜ 
movement of fairings - Note: For some tendons 
fairings are only required during installation 
֙ ±ƛǎǳŀƭ ƛƴǎǇŜŎǘƛƻƴ ƻŦ ǘŜƴŘƻƴ ǇƛǇŜ ŦƻǊ ǾƻǊǘŜȄ 
induced vibration/movement 
ω /ƻŀǘƛƴƎ ōǊŜŀƪŘƻǿƴ - very common after ~5 
years 
֙ aƻƴƛǘƻǊ ŦƻǊ ŦǳǊǘƘŜǊ ōǊŜŀƪŘƻǿƴ ŀƴŘ ŎƻǊǊƻǎƛƻƴ 
ω 5ŜōǊƛǎ ŜƴǘŀƴƎƭŜƳŜƴǘ όǘȅǇƛŎŀƭƭȅ ŦƛǎƘƛƴƎ ƭƛƴŜύ - 
very common, especially on TLPs closest to shore 
֙ wŜƳƻǾŜ όƛŦ ŘŜŜƳŜŘ ǎŀŦŜύ ŀƴŘκƻǊ ƳƻƴƛǘƻǊ 
ω /ƻǊǊƻǎƛƻƴ - light corrosion is common, pitting 
and heavy corrosion has not been reported  
֙ aƻƴƛǘƻǊ ŦƻǊ ǇƛǘǘƛƴƎ ƻǊ ǘƘǊƻǳƎƘ ŎƻǊǊƻǎƛƻƴΣ ƛŦ 
severe corrosion is present perform FMD 
ω IƛƎƘƭȅ ŘŜǇƭŜǘŜŘ ŀƴƻŘŜǎ ŀƴŘκƻǊ ƴƻƴ-uniform 
anode depletion - Has been seen multiple times 
on GOM TLPs 
֙ ¢ŀƪŜ /t ǊŜŀŘƛƴƎǎΣ ƳƻƴƛǘƻǊ ŀƴodes during future 
inspections. Note: have not seen low CP readings 
on tendon body 
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Table 3.2 ς General Tendon Inspection Practices and Observed Anomalies 

Component 
Damage 

Mechanisms 
Damage 

Indicators 
Detection 
Methods 

Inspection Methods 
General Practice 

Typical Anomalies and Mitigations 

Tendon 
Main Body - 
Connectors  

Strength 
Fatigue  
Other 

Corrosion 
Crack 

GVI Typical inspection for all TLPs (as applicable 
per features): 
ω D±L of coupling looking for dents, wear, 
coating breakdown, corrosion, and signs of 
cracking.  
 
Additional Special Inspection Scope (Not 
common to all TLP inspection plans): 
ω GVI scope as described above with both 
sides inspected (perform 360° or two pass) 
 
Note: Ability to inspect after installation is 
limited (considered non-inspectable). Pre-
installation inspections are more restrictive 
than typical industry standards (e.g., All girth 
welds are 100% inspected by visual, 
ultrasonic, radiographic (gamma), and wet-
fluorescent magnetic particle examination 
methods. Further ultrasonic and wet 
fluorescent magnetic particle examinations 
are repeated using different technicians). 

ω Coating breakdown - very common after ~5 
years 
֙ aƻƴƛǘƻǊ ŦƻǊ ŦǳǊǘƘŜǊ ōǊŜŀƪŘƻǿƴ ŀƴŘ ŎƻǊǊƻǎƛƻƴ 
 
ω Corrosion - light corrosion is common, pitting 
and heavy corrosion has not been reported  
֙ aƻƴƛǘƻǊ ŦƻǊ ǇƛǘǘƛƴƎ ƻǊ ǘƘǊƻǳƎƘ ŎƻǊǊƻǎƛƻƴΣ ƛŦ 
severe corrosion is present perform FMD 
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Table 3.2 ς General Tendon Inspection Practices and Observed Anomalies 

Component 
Damage 

Mechanisms 
Damage 

Indicators 
Detection 
Methods 

Inspection Methods 
General Practice 

Typical Anomalies and Mitigations 

Tendon 
Bottom 
Connector 
Assembly 

Strength 
Fatigue  
Other 

Elastomer 
Irregular Bulge 
and Extrusion 
- Indicates 
overstress 
Debris lodged 
within pile 
Lock ring 
rotated to 
unlocked 
position 
Corrosion 

GVI 
CVI 
CP 
measurement 
FMD 

Typical inspection for all TLPs (as applicable 
per features): 
ω D±L entire bottom connector (perform 360°) 
looking for signs of impact damage (dents, 
buckles, etc.), debris lodged in flex element, 
cracking, coating breakdown, or corrosion. 
Confirm external pins are properly inserted 
and latched, internal rigid link/ring is in 
position 
ω !ƴƻŘŜ DǊŀŘƛƴƎ - on all anodes bracelets 
ω aŀǊƛƴŜ ƎǊƻǿǘƘ ƳŜŀǎǳǊŜƳŜƴǘ - Commonly 
no marine growth is observed at the bottom 
connector due to depth 
ω /t aŜŀǎǳǊŜƳŜƴǘǎ - on bottom connector 
(Note: thick coatings on bottom connector can 
prevent CP probes from penetrating for 
metallic contact) 
 
Additional Special Inspection Scope (Not 
common to all TLP inspection plans): 
ω /±L of any transition girth welds 
ω Ca5 taken as low as possible (just above 
obstructed assess due to pile receptacle if a 
flooded tendon segment is found, is it 
considered an indication of through cracking 

ω Coating breakdown - very common after ~5 
years 
֙ aƻƴƛǘƻǊ ŦƻǊ ŦǳǊǘƘŜǊ ōǊŜŀƪŘƻǿƴ ŀƴŘ ŎƻǊǊƻǎƛƻƴ 
 
ω Corrosion - light corrosion is common, pitting 
and heavy corrosion has not been reported  
֙ aƻƴƛǘƻǊ ŦƻǊ ǇƛǘǘƛƴƎ ƻǊ ǘƘǊƻǳƎƘ ŎƻǊǊƻǎƛƻƴ 
 
ω Low CP readings and/or highly depleted anodes 
- Has been seen multiple times on GOM TLPs 
֙ ¢ŀƪŜ ŀŘŘƛǘƛƻƴŀƭ /t ǊŜŀŘƛƴƎǎΣ ƳƻƴƛǘƻǊ ŀƴƻŘŜǎ 
during future inspections. Installation of anode 
sled/retropods. 
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Table 3.2 ς General Tendon Inspection Practices and Observed Anomalies 

Component 
Damage 

Mechanisms 
Damage 

Indicators 
Detection 
Methods 

Inspection Methods 
General Practice 

Typical Anomalies and Mitigations 

Tendon Pile 
and 
Receptacle - 
Receptacle 
 

Strength 
Fatigue  
Other 

Debris lodged 
within pile 
receptacle 
Lock ring 
rotated to 
unlocked 
position, if 
applicable 
Corrosion 

GVI 
CP 
measurement 

Typical inspection for all TLPs (as applicable 
per features): 
ω D±L of entire pile receptacle (conducted 
360° visual pass) looking for dents, wear, 
coating breakdown, and any signs of 
corrosion. Check grounding wire connection 
to pile anode sleeve.  
ω !ƴƻŘŜ DǊŀŘƛƴƎ - usually on foundation 
guide assembly (anode sleeve) 
ω /t wŜŀŘƛƴƎǎ - Taken on the pile receptacle 
and the anode sleeve 
 
Additional Special Inspection Scope (Not 
common to all TLP inspection plans): 
ω I5 ±ƛŘŜƻ of flex elements to allow for 3D 
modeling. Models clearly show small bulges or 
deformations. Note: This technology is new in 
industry  

ω /ƻŀǘƛƴƎ ōǊŜŀƪŘƻǿƴ - very common after ~5 
years 
֙ Monitor for further breakdown and corrosion 
 
ω /ƻǊǊƻǎƛƻƴ - light corrosion is common, pitting 
and heavy corrosion has not been reported  
֙ aƻƴƛǘƻǊ ŦƻǊ ǇƛǘǘƛƴƎ ŀƴŘ ǘƘǊƻǳƎƘ ŎƻǊǊƻǎƛƻƴ 
 
ω [ƻǿ /t ǊŜŀŘƛƴƎǎ ŀƴŘκƻǊ ƘƛƎƘƭȅ ŘŜǇƭŜǘŜŘ ŀƴƻŘŜǎ 
- Has been seen multiple times on GOM TLPs 
֙ ¢ŀƪŜ ŀŘŘƛǘƛƻƴŀƭ /t ǊŜŀŘƛƴƎǎΣ ƳƻƴƛǘƻǊ ŀƴƻŘŜǎ 
during future inspections. Installation of anode 
sled/retropods. 
 
ω Debris lodged in receptacle  
֙ LŦ ǇƻǎǎƛōƭŜ ǊŜƳƻǾŜŘ ŘŜōǊƛǎ ŀƴŘ ƛƴǎǇŜŎǘ ŀƭƭ 
components for damage 
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